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Abstract
Using the most general, model independent form of the effective Hamiltonian,
the exclusive, rare baryonic Λb → Λℓ+ℓ− (ℓ = µ, τ) decay is analyzed. We study
sensitivity of the branching ratio and lepton forward–backward asymmetry to the
new Wilson coefficients. Is is shown that these physical quantities are quite sensitive
to the new Wilson coefficients. Determination of the position of zero value of the
forward–backward asymmetry can serve as a useful tool for establishing new physics
beyond the standard model, as well as fixing the sign of the new Wilson coefficients.
PACS numbers: 12.60.–i, 13.30.–a, 14.20.Mr
∗e-mail: taliev@metu.edu.tr
†e-mail: ozpineci@ictp.trieste.it
‡e-mail: savci@metu.edu.tr
1 Introduction
Rare decays, induced by flavor changing neutral current (FCNC) b → s(d) transitions,
provide testing ground for the standard model (SM) at loop level. For this reason studying
these decays constitute one of the main research directions of the two operating B–factories
BaBar and Belle [1]. Rare decays can give valuable information about poorly studied aspects
of the SM at present, such as Cabibbo–Kobayashi–Maskawa matrix elements, Vtd, Vts, and
Vub and leptonic decay constant. After CLEO measurement of the radiative decay b→ sγ
decay [2], main interest has been focused on the rare decays induced by the b → sℓ+ℓ−
transition, which have relatively ”large” branching ratio in the SM. These decays have
been investigated extensively in the SM and its various extensions [3]–[18].
The theoretical analysis of the inclusive decays is rather easy since they are free of long
distance effects, but their experimental detection is quite difficult. For exclusive decays
the situation is contrary to the inclusive case; i.e., their experimental investigation is easy,
but theoretical analysis is difficult due to the appearance of the form factors. It should
be noted that the exclusive B → K∗(K)ℓ+ℓ− decays, which are described by the b →
sℓ+ℓ− transition at inclusive level, have been widely studied in literature (see [19]–[22] and
references therein). Another exclusive decay which is described at inclusive level by the
b → sℓ+ℓ− transition is the baryonic Λb → Λℓ+ℓ− decay. This decay has been studied in
context of the SM and two Higgs doublet models in [23] and [24], respectively.
Rare decays are very sensitive to the new physics beyond the SM and therefore consti-
tute quite a suitable tool for looking such effects. In general, new physics effects manifest
themselves in rare decays either through new contributions to the Wilson coefficients ex-
isting in the SM or by introducing new structures in the effective Hamiltonian which are
absent in the SM (see for example [21], [25]–[27] and the references therein). At this point
we would like to remind that, the sensitivity of the physical observables to the new physics
effects in the ”heavy pseudoscalar meson → light pseudoscalar (vector) meson” transitions,
like B → K(K∗)ℓ+ℓ− are studied systematically in [21, 27, 28], using the most general form
of the effective Hamiltonian.
The intriguing questions that follow next are what happens in the ”heavy baryon →
light baryon” transition and which physical quantity is most sensitive to the new physics
effects. The present work is devoted to find an answer to these questions.
In this work we present a systematic study of the baryonic Λb → Λℓ+ℓ− decay. The
paper is organized as follows. In section 2, using the most general model independent form
of the Hamiltonian we derive the matrix element, differential decay width and forward–
backward asymmetry, in terms of the form factors. Section 3 is devoted to the numerical
analysis and concluding remarks.
2 Theoretical background
The matrix element of the Λb → Λℓ+ℓ− decay at quark level is described by the b →
sℓ+ℓ− transition. The decay amplitude for the b → sℓ+ℓ− transition in a general model
1
independent form can be written in the following way (see [21],[25, 26])
M = Gα
4
√
2π
VtbV
∗
ts
{
CSLs¯iσµν
qν
q2
Lbℓ¯γµℓ+ CBRs¯iσµν
qν
q2
bℓ¯γµℓ+ C
tot
LLs¯Lγ
µbLℓ¯LγµℓL
+ CtotLRs¯Lγ
µbLℓ¯RγµℓR + CRLs¯Rγ
µbRℓ¯LγµℓL + CRRs¯Rγ
µbRℓ¯RγµℓR
+ CLRLRs¯LbRℓ¯LℓR + CRLLRs¯RbLℓ¯LℓR + CLRRLs¯LbRℓ¯RℓL + CRLRLs¯RbLℓ¯RℓL
+ CT s¯σ
µνbℓ¯σµνℓ+ iCTEǫ
µναβ s¯σµνsσαβℓ
}
, (1)
where L = (1−γ5)/2 and R = (1+γ5)/2 are the chiral operators and CX are the coefficients
of the four–Fermi interaction. Part of these coefficients exist in the SM. The first two
of the coefficients CSL and CBR are the nonlocal Fermi interactions which correspond to
−2msCeff7 and −2mbCeff7 in the SM, respectively. The following four terms describe vector
type interactions. Two of these vector interactions containing coefficients CtotLL and C
tot
LR do
also exist in the SM in the forms (Ceff9 − C10) and (Ceff9 + C10), respectively. Therefore
CtotLL and C
tot
LR represent the sum of the combinations from SM and the new physics, in the
following forms
CtotLL = C
eff
9 − C10 + CLL ,
CtotLR = C
eff
9 + C10 + CLL . (2)
The terms with CLRRL, CLRLR, CRLRL and CRLLR describe the scalar type interactions.
The last two terms in Eq. (1) correspond to the tensor type interactions. The amplitude
of the exclusive Λb → Λℓ+ℓ− decay can be obtained sandwiching matrix element of the
b → sℓ+ℓ− decay between initial and final state baryons. It follows from Eq. (1) that, in
order to calculate the amplitude of the Λb → Λℓ+ℓ− decay the following matrix elements
are needed
〈Λ |s¯γµ(1∓ γ5)b|Λb〉 ,
〈Λ |s¯σµν(1∓ γ5)b|Λb〉 ,
〈Λ |s¯(1∓ γ5)b|Λb〉 . (3)
Explicit forms of these matrix elements in terms of the form factors are presented in
Appendix–A. Using the parametrization of these matrix elements, the matrix form of the
Λb → Λℓ+ℓ− decay can be written as
M = Gα
4
√
2π
VtbV
∗
ts
{
ℓ¯γµℓ u¯Λ
[
A1γµ(1 + γ5) +B1γµ(1− γ5)
+ iσµνq
ν [A2(1 + γ5) +B2(1− γ5)] + qµ[A3(1 + γ5) +B3(1− γ5)]
]
uΛb
+ ℓ¯γµγ5ℓ u¯Λ
[
D1γµ(1 + γ5) + E1γµ(1− γ5) + iσµνqν [D2(1 + γ5) + E2(1− γ5)]
+ qµ[D3(1 + γ5) + E3(1− γ5)]
]
uΛb + ℓ¯ℓ u¯Λ(N1 +H1γ5)uΛb + ℓ¯γ5ℓ u¯Λ(N2 +H2γ5)uΛb
+ 4CT ℓ¯σ
µνℓ u¯Λ
[
fTσµν − ifVT (qνγµ − qµγν)− ifST (Pµqν − Pνqµ)
]
uΛb
+ 4CTEǫ
µναβ ℓ¯σαβℓ iu¯Λ
[
fTσµν − ifVT (qνγµ − qµγν)− ifST (Pµqν − Pνqµ)
]
uΛb
}
, (4)
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where P = pΛb + pΛ.
Explicit expressions of the functions Ai, Bi, Di, Ei, Hj and Nj (i = 1, 2, 3 and j = 1, 2)
are given in Appendix–A.
Obviously, the Λb → Λℓ+ℓ− decay introduces a lot of form factors. However, when the
heavy quark effective theory (HQET) has been used, the heavy quark symmetry reduces
the number of independent form factors to two only (F1 and F2), irrelevant with the Dirac
structure of the relevant operators [29], and hence we obtain that
〈Λ(pΛ) |s¯Γb|Λ(pΛb)〉 = u¯Λ
[
F1(q
2)+ 6vF2(q2)
]
ΓuΛb , (5)
where Γ is an arbitrary Dirac structure, vµ = pµΛb/mΛb is the four–velocity of Λb, and
q = pΛb − pΛ is the momentum transfer. Comparing the general form of the form factors
with (5), one can easily obtain the following relations among them (see also [23])
g1 = f1 = f
T
2 = g
T
2 = F1 +
√
rF2 ,
g2 = f2 = g3 = f3 = g
V
T = f
V
T =
F2
mΛb
,
gST = f
S
T = 0 ,
gT1 = f
T
1 =
F2
mΛb
q2 ,
gT3 =
F2
mΛb
(mΛb +mΛ) ,
fT3 = −
F2
mΛb
(mΛb −mΛ) , (6)
where r = m2Λ/m
2
Λb
. These relations will be used in further numerical calculations.
It is a simple matter now to derive the double differential rate with respect to the angle
between lepton and the dimensionless invariant mass of the dilepton
d2Γ
dsdz
=
G2α2mΛb
16384π5
|VtbV ∗ts|2 v
√
λ(1, r, s)T (s, z) , (7)
where s = q2/m2Λb and
T (s, z) = T0(s) + T1(s)z + T2(s)z2 . (8)
The expressions for T0(s), T1(s) and T2(s) can be found in Appendix–B.
In Eqs. (7)–(8), z = cos θ is the angle between the momenta of ℓ− and Λb in the center of
mass frame of dileptons, λ(1, r, s)−1+ r2+s2−2r−2s−2rs is the triangle function. After
integrating over the angle z, the invariant dilepton mass distribution takes the following
form
dΓ
ds
=
G2α2mΛb
8192π5
|VtbV ∗ts|2 v
√
λ(1, r, s)
[
T0(s) + 1
3
T2(s)
]
. (9)
The limit for s is given by
4m2ℓ
m2Λb
≤ s ≤ (1−√r)2 . (10)
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The lepton forward–backward asymmetry AFB is one of the powerful tools in looking
for new physics beyond the SM. The determination of the position of the zero value of
the AFB is very useful for this purpose. The new physics effects can shift the position
of the zero value of the forward–backward asymmetry. Indeed, it has been shown in [21]
that the new physics effects shift the zero value of the forward–backward asymmetry for
the B → K∗ℓ+ℓ− decay. Therefore we will study the sensitivity of the forward–backward
asymmetry to the new Wilson coefficients. The normalized forward–backward asymmetry
is defined as
AFB =
∫ 1
0
dΓ
dsdz
dz −
∫ 0
−1
dΓ
dsdz
dz∫ 1
0
dΓ
dsdz
dz +
∫ 0
−1
dΓ
dsdz
dz
. (11)
It is well known that AFB is parity–odd but CP–even quantity, which depends on the
chirality of the lepton and quark currents. In order to obtain z = cos θ dependence, the
differential decay width should contain multiplication of such terms which transform even
and odd under parity, respectively.
3 Numerical analysis
In this section we will study the sensitivity of tee branching ratio and lepton forward–
backward asymmetry to the new Wilson coefficients. The main input parameters in cal-
culating the above–mentioned quantities are the form factors. Since there exists no exact
calculation of the form factors of the Λb → Λ transition, we will use the form factors derived
from QCD sum rules in framework of the heavy quark effective theory, which reduces the
number of lots of form factors into two (see for example [29]). The q2 dependence of these
form factors can be represented in terms of the three parameters as
F (q2) =
F (0)
1− aF q
2
m2Λb
+ bF
(
q2
m2Λb
)2 ,
where parameters Fi(0), a and b are listed in table 1 (see [30])
F (0) aF bF
F1 0.462 −0.0182 −0.000176
F2 −0.077 −0.0685 0.00146
Table 1: Transition form factors for Λb → Λℓ+ℓ− decay in a three-parameter fit, where the
radiative corrections to the leading twist contribution and SU(3) breaking effects are taken
into account.
The values of other input parameters which appear in the expressions of the branching
ratio and forward–backward asymmetry are: mb = 4.8 GeV, mΛb = 5.64 GeV, mΛ =
4
1.116 GeV, mc = 1.4 GeV . Contribution of new physics effects are contained in the new
Wilson coefficients (see Eq. (1). To the leading log approximation the values of the Wilson
coefficients are Ceff7 = −0.313, Ceff9 = 4.344 and Ceff10 = −4.669 [14].The value of the
Wilson coefficient Ceff9 used in the numerical analysis corresponds only to short distance
contribution. In addition to this contribution Ceff9 receives also long distance contributions
from the real c¯c intermediate states, i.e., from the J/ψ family. In the present work we do
not take into consideration such contributions. In order to estimate the branching ratio
and lepton forward–backward asymmetry we need the values of the new Wilson coefficients
which describe new physics beyond the SM. In this work we will vary all new Wilson
coefficients within the range − |C10| ≤ CX ≤ |C10|. The experimental bounds on the
branching ratio of the B → K∗µ+µ− and Bs → µ+µ− decays [31] suggests that this is the
right order of magnitude range for the vector and scalar Wilson coefficients. We assume
that all new Wilson coefficients are real, i.e., we do not introduce any new phase in addition
to the one present in the SM.
Let us first study the dependence of the branching ratio for the Λb → Λℓ+ℓ− decay on the
new Wilson coefficients. In Figs. (1–4) and (5–8) we present the dependence of the branch-
ing ratio for the Λb → Λµ+µ− (Λb → Λτ+τ−) decay on CLL, CLR, CRR, CRL, CLRLR, CT
and CTE, respectively. One can easily see from these figures that the branching ratio is
strongly dependent on CLL and the tensor interaction coefficients CT and CTE, while it is
weakly dependent on the remaining vector interaction couplings CLR, CRR and CRL and
the scalar coupling CLRLR. It should be noted that similar behavior takes place for the
other scalar interaction coefficients. Also, we observe from these figures that when CLL > 0
(CLL < 0) contribution of the new Wilson coefficients to the SM result is constructive
(destructive). The situation is opposite for the coefficient CLR, i.e., it is constructive (de-
structive) when CLR < 0 (CLR > 0). These behaviors can be explained as follows. We
see from Eq. (2) that CtotLL = C
eff
9 − C10 + CLL and CtotLR = Ceff9 + C10 + CLR. Since
Ceff9 = 4.344 (short distance) and C10 = −4.669 in the SM, contributions of CLL and CLR
are constructive (destructive) when CLL > 0 (CLL < 0) and CLR < 0 (CLR > 0).
We observe from Fig. (4) that the branching ratio is strongly dependent on the tensor
interaction.
For the Λb → Λτ+τ− decay the situation is analogous to the Λb → Λµ+µ− decay with
a slight difference. Contribution coming from different type vector interactions becomes
comparable. This fact can be explained by the fact that the terms proportional to ∼ (1−v2),
which are very small in the µ case, contribute more in the τ case.
At this point we would like to remind that, similar dependence on the new Wilson
coefficients occurs for the B → K∗ℓ+ℓ− decay.
In Figs. (9)–(16) we present the dependence of the lepton forward–backward asymme-
try on the new Wilson coefficients for the Λb → Λµ+µ− and Λb → Λτ+τ− decays. We
observe from Figs. (9)–(12) that, for the Λb → Λµ+µ− case the lepton forward–backward
asymmetry is more sensitive to the coefficients CLL and CLR and weakly depends on rest of
the Wilson coefficients. It follows from these figures that when CLL is positive (negative),
the zero point of the forward–backward asymmetry is shifted to the left (right) from its
corresponding SM value. For all values of the coefficients CRR and CRL the zero position
of the forward–backward asymmetry is shifted right and left with respect to its SM value,
respectively. It is observed in [30] that, the zero position of the dilepton forward–backward
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asymmetry in the Λb → Λℓ+ℓ− decay parametrically has very little dependence on the
form factors. Therefore the shift of zero position can be attributed to the existence of new
physics.
So, in view of all these observations we can say that, determination of the zero point
of the forward–backward asymmetry can give us essential information, not only about the
existence of new physics, but also about the sign of the new Wilson coefficients.
From Figs. (13)–(16) we arrive at the following conclusion for the Λb → Λτ+τ− decay.
Except tensor interaction coefficients, the forward–backward asymmetry is negative for pos-
itive or negative values of the remaining ones. This situation is opposite to the Λb → Λµ+µ−
case. The value of the AFB is more sensitive to the CLRRL and tensor interaction. Sign
of the AFB can give us unambiguous information about the sign of the tensor interaction
coefficients.
Obviously, investigation of polarization effects in the Λb → Λℓ+ℓ− decay can provide us
new information in addition to the branching ratio and forward–backward asymmetry. We
will consider this question in one of our future works.
In conclusion, a systematic analysis of the rare Λb → Λℓ+ℓ− decay is presented. For
the form factors describing the Λb → Λ transition we have used HQET predictions. The
sensitivity of the branching ratio and of the lepton forward–backward asymmetry to the
new Wilson coefficients is studied systematically. Analysis of the zero position of the
lepton forward–backward asymmetry determines not only the magnitude but also the sign
of the new Wilson coefficients for the Λb → Λµ+µ− decay. Sign of the forward–backward
asymmetry for the Λb → Λτ+τ− decay can serve as a useful tool in determining the sign of
the Wilson coefficients.
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Appendix A : Definition of the form factors
As has already been noted, in describing the Λb → Λ transition, the following matrix
elements
〈Λ |s¯γµ(1∓ γ5)b|Λb〉 ,
〈Λ |s¯σµν(1∓ γ5)b|Λb〉 ,
〈Λ |s¯(1∓ γ5)b|Λb〉 .
These matrix elements are generally parametrized in the following way (here we follow
[23]
〈Λ |s¯γµ(1∓ γ5)b|Λb〉 = u¯Λ
[
f1γµ + if2σµνq
ν + f3qµ
]
uΛb (A.1)
〈Λ |s¯γµγ5b|Λb〉 = u¯Λ
[
g1γµγ5 + ig2σµνγ5q
ν + g3qµγ5
]
uΛb (A.2)
〈Λ |s¯σµνb|Λb〉 = u¯Λ
[
fTσµν − ifVT (γµqν − γνqµ)− ifST (Pµqν − Pνqµ)
]
uΛb (A.3)
〈Λ |s¯σµνγ5b|Λb〉 = u¯Λ
[
gTσµν − igVT (γµqν − γνqµ)− igST (Pµqν − Pνqµ)
]
γ5uΛb(A.4)
The form factors of the magnetic dipole operators are defined as
〈Λ |s¯iσµνqνb|Λb〉 = u¯Λ
[
fT1 γµ + if
T
2 σµνq
ν + fT3 qµ
]
uΛb
〈Λ |s¯iσµνγ5qνb|Λb〉 = u¯Λ
[
gT1 γµγ5 + ig
T
2 σµνγ5q
ν + gT3 qµγ5
]
uΛb (A.5)
Multiplying (A3) and (A4) by iqν and comparing wit (A5) and (A6), respectively, one can
easily obtain the following relations
fT2 = fT − fST q2 ,
fT1 =
[
fVT + f
S
T (mΛb +mΛ)
]
q2 ,
fT1 = −
q2
mΛb −mΛ
fT3 ,
gT2 = gT − gST q2 , (A.6)
gT1 =
[
gVT − gST (mΛb −mΛ)
]
q2 ,
gT1 =
q2
mΛb +mΛ
gT3 .
The matrix element of the scalar (pseudoscalar) operators s¯b and s¯γ5b can be obtained
from (A1) and (A2) by multiplying both sides to qµ and using equation of motion. Neglect-
ing the mass of the strange quark, we get
〈Λ |s¯b|Λb〉 = 1
mb
u¯Λ
[
f1 (mΛb −mΛ) + f3q2
]
uΛb , (A.7)
〈Λ |s¯γ5b|Λb〉 = 1
mb
u¯Λ
[
g1 (mΛb +mΛ) γ5 − g3q2γ5
]
uΛb . (A.8)
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Using these definitions of the form factors and effective Hamiltonian in Eq. (1), we get
the following forms of the functions Ai, Bi, Di, Ei, Nj and Hj , (i = 1, 2, 3; j = 1, 2)
entering the matrix element of the Λb → Λℓ+ℓ− decay:
A1 =
1
q2
(
fT1 − gT1
)
CSL +
1
q2
(
fT1 − gT1
)
CBR +
1
2
(f1 − g1)
(
CtotLL + C
tot
LR
)
+
1
2
(f1 + g1) (CRL + CRR) ,
A2 = A1 (1→ 2) ,
A3 = A1 (1→ 3) ,
B1 = A1
(
g1 → −g1; gT1 → −gT1
)
,
B2 = B1 (1→ 2) ,
B3 = B1 (1→ 3) ,
D1 =
1
2
(CRR − CRL) (f1 + g1) + 1
2
(
CtotLR − CtotLL
)
(f1 − g1) ,
D2 = D1 (1→ 2) , (A.9)
D3 = D1 (1→ 3) ,
E1 = D1 (g1 → −g1) ,
E2 = E1 (1→ 2) ,
E3 = E1 (1→ 3) ,
N1 =
1
mb
(
f1 (mΛb −mΛ) + f3q2
)(
CLRLR + CRLLR + CLRRL + CRLRL
)
,
N2 = N1 (CLRRL → −CLRRL; CRLRL → −CRLRL) ,
H1 =
1
mb
(
g1 (mΛb +mΛ)− g3q2
)(
CLRLR − CRLLR + CLRRL − CRLRL
)
,
H2 = H1 (CLRRL → −CLRRL; CRLRL → −CRLRL) .
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Appendix B : Double differential rate
The explicit form of the expressions T0(s), T1(s) and T2(s) are as follows:
T0(s) = −2048λm2ℓm4Λb |CT |2Re[f ∗TfST ]
+ 384mℓm
3
Λb
{
(1 +
√
r)(1− 2√r + r − s)Re[(A1 + B1)∗CTfT ]
+ 2(1−√r)(1 + 2√r + r − s)Re[(A1 − B1)∗CTEfT ]
}
+ 32m2ℓm
4
Λb
s(1 + r − s)
(
|D3|2 + |E3|2
)
+ 4m4Λbs(1− 2
√
r + r − s)
(
4mℓRe[(D3 − E3)∗H2] + |H2|2
)
+ 64m2ℓm
3
Λb
(1− r − s)Re[D∗1E3 +D3E∗1 ]
+ 256mℓm
4
Λb
(1 + 2
√
r + r − s)(2− 4√r + 2r + s)Re[A∗2CTEfT ]
− 128λmℓm5Λb
{
(1 +
√
r)
(
Re[(A1 +B1)
∗CTf
S
T ]− 16mℓ |CT |2Re[fST ∗fVT ]
)
− mΛbsRe[(A2 +B2)∗CTfST ]
}
+ 64m2Λb
√
r(6m2ℓ −m2Λbs)Re[D∗1E1]
− 128mℓm4Λb
[
(1− r)2 + (1− 6√r + r)s− 2s2
]
Re[(A1 +B1)
∗CTf
V
T ]
+ 64m2ℓm
3
Λb
√
r
(
2mΛbsRe[D
∗
3E3] + (1− r + s)Re[D∗1D3 + E∗1E3]
)
− 128mℓm4Λb
{
2(1 + 2
√
r + r − s)(2− 4√r + 2r + s)Re[B∗2CTEfT ]
+ (1− 2√r + r − s)(2 + 4√r + 2r + s)Re[B∗2CTfT ]
}
+ 32m2Λb(2m
2
ℓ +m
2
Λb
s)
{
(1− r + s)mΛb
√
rRe[A∗1A2 +B
∗
1B2] (B.1)
− mΛb(1− r − s)Re[A∗1B2 + A∗2B1]− 2
√
r
(
Re[A∗1B1] +m
2
Λb
sRe[A∗2B2]
)}
+ 8m2Λb
{
4m2ℓ(1 + r − s) +m2Λb
[
(1− r)2 − s2
]} (
|A1|2 + |B1|2
)
+ 8m4Λb
{
4m2ℓ
[
λ+ (1 + r − s)s
]
+m2Λbs
[
(1− r)2 − s2
]} (
|A2|2 + |B2|2
)
− 8m2Λb
{
4m2ℓ(1 + r − s)−m2Λb
[
(1− r)2 − s2
]} (
|D1|2 + |E1|2
)
+ 512m2Λb |fT |2
{[
2m2ℓ(1− 6
√
r + r − s) +m2Λb [λ+ (1 + r − s)s]
]
|CT |2
+ 4
[
2m2ℓ(1 + 6
√
r + r − s) +m2Λb [λ+ (1 + r − s)s]
]
|CTE|2
}
+ 8m5Λbsv
2
{
− 8mΛbs
√
rRe[D∗2E2] + 4(1− r + s)
√
rRe[D∗1D2 + E
∗
1E2]
− 4(1− r − s)Re[D∗1E2 +D∗2E1] +mΛb
[
(1− r)2 − s2
] (
|D2|2 + |E2|2
) }
+ (1 + 2
√
r + r − s)
{
1024λm2ℓm
6
Λb
|CT |2
∣∣∣fST
∣∣∣2
+ 16mℓm
3
Λb
(1−√r)Re[(D1 + E1)∗F2]
+ 4m4Λbs |F2|2 + 4m4Λbs
(
4mℓRe[(D3 + E3)
∗F2] + v
2 |F1|2
)}
+ (1− 2√r + r − s)
{
− 128mℓm4Λb(2 + 4
√
r + 2r + s)Re[A∗2CTfT ]
+ 512m3Λb(1 +
√
r)Re[f ∗Tf
V
T ]
[
8m2ℓ
(
2 |CTE|2 − |CT |2
)
−m2Λbs
(
4 |CTE|2 + |CT |2
) ]
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− 16mℓm3Λb(1 +
√
r)
[
Re[(D1 − E1)∗H2]− 24m2ΛbsRe[(A2 +B2)∗CTfVT
]
+ 4m4Λbsv
2 |H1|2
+ 256m4Λb
∣∣∣fVT ∣∣∣2 ([m2Λbs2 + 4m2ℓ(1 + 2√r + r + s)
]
|CT |2 + 4m2Λbs2v2 |CTE|2
)}
,
T1(s) = −16mℓm3Λbv
√
λ
{
(1−√r)Re[(A1 − B1)∗H1]− (1 +
√
r)Re[(A1 +B1)
∗F1]
}
− 384mℓm3Λbv
√
λ
{
(1 +
√
r)Re[(D1 −E1)∗CTfT ] + 2(1−
√
r)Re[(D1 + E1)
∗CTEfT ]
}
− 256mℓm4Λbv
√
λ(1− r)
(
Re[(D2 − E2)∗CTfT ]− 2Re[(D2 + E2)∗CTEfT ]
)
+ 256mℓm
5
Λb
v
√
λ(1−√r)(1 + 2√r + r − s)Re[(D1 + E1)∗CTEfST ]
)
+ 128mℓm
4
Λb
sv
√
λ
(
Re[(CT − 2CTE)∗D3f ∗T ]− Re[(CT + 2CTE)∗E3f ∗T ]
)
− 16m4Λbsv
√
λ
{
2Re[A∗1D1]− 2Re[B∗1E1]− 4Re[(F1 +H2)∗CTfT ]
+ 8Re[(F2 +H1)
∗CTEfT ] +mℓRe[(A2 +B2)
∗F1]
}
(B.2)
− 16m4Λbsv
√
λ
(
mℓRe[(A2 −B2)∗H1] + 2mΛbRe[B∗1D2 −B∗2D1 + A∗2E1 −A∗1E2]
)
+ 256mℓm
5
Λb
sv
√
λ(1−√r)Re[(D2 −E2)∗CTfVT ]
+ 64m5Λbsv
√
λ(1 +
√
r)
(
− Re[F ∗1CTfVT ] + 2Re[F ∗2CTEfVT ]
+ 4mℓRe[(D3 + E3)
∗CTEf
V
T ]
)
+ 32m6Λbsv
√
λ(1− r)Re[A∗2D2 − B∗2E2]
+ 32m5Λbsv
√
λ
√
rRe[A∗2D1 + A
∗
1D2 − B∗2E1 − B∗1E2]
+ 64m6Λbsv
√
λ(1 + 2
√
r + r − s)
(
− Re[F ∗1CTfST ] + 2Re[F ∗2CTEfST ]
+ 4mℓRe[(D3 + E3)
∗CTEf
S
T ]
)
+ 256mℓm
4
Λb
v
√
λ
{
(1− r)Re[(D1 + E1)∗CTEfVT ] + sRe[(D1 − E1)∗CTfVT ]
}
,
T0(s) = −8m4Λbv2λ
(
|A1|2 + |B1|2 + |D1|2 + |E1|2
)
− 512m4Λbv2λ
[ (
4 |CTE|2 + |CT |2
)
|fT |2
]
(B.3)
+ 8m6Λbsv
2λ
(
|A2|2 + |B2|2 + |D2|2 + |E2|2
)
− 256m6Λbsv2λ
(
4 |CTE |2 + |CT |2
) {
2Re[f ∗Tf
S
T ]−
∣∣∣fVT +mΛb(1 +√r)fST
∣∣∣2
+ m2Λbs
∣∣∣fST ∣∣∣2 } .
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Figure captions
Fig. (1) The dependence of the branching ratio for the Λb → Λµ+µ− decay on the new
Wilson coefficients CLL and CLR.
Fig. (2) The same as in Fig. (1), but for the coefficients CRR and CLR.
Fig. (3) The same as in Fig. (1), but for the coefficient CLRRL.
Fig. (4) The same as in Fig. (1), but for the coefficients CT and CTE , describing the
tensor interactions.
Fig. (5) The dependence of the branching ratio for the Λb → Λτ+τ− decay on the new
Wilson coefficients CLL and CLR.
Fig. (6) The same as in Fig. (5), but for the coefficients CRR and CLR.
Fig. (7) The same as in Fig. (5), but for the coefficient CLRRL.
Fig. (8) The same as in Fig. (5), but for the coefficients CT and CTE describing the
tensor interactions.
Fig. (9) The dependence of the lepton forward–backward asymmetry for the Λb → Λµ+µ−
decay on the new Wilson coefficients CLL and CLR.
Fig. (10) The same as in Fig. (9), but for the coefficients CRR and CLR.
Fig. (11) The same as in Fig. (9), but for the coefficient CLRRL.
Fig. (12) The same as in Fig. (9), but for the coefficients CT and CTE, describing
the tensor interactions.
Fig. (13) The dependence of the lepton forward–backward asymmetry for the Λb → Λτ+τ−
decay on the new Wilson coefficients CLL and CLR.
Fig. (14) The same as in Fig. (13), but for the coefficients CRR and CLR.
Fig. (15) The same as in Fig. (13), but for the coefficient CLRRL.
Fig. (16) The same as in Fig. (13), but for the coefficients CT and CTE, describing
the tensor interactions.
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